Abstract: Reducing the concentration of lead ions in a wastewater
Introduction
In many countries where the main source of water is the groundwater, the concern for its quality deterioration due to heavy metal pollution has increased significantly in the last 50 years. This concern is mainly due to the increasing of anthropogenic activities as direct pollution sources, originating from industrial, mining and agriculture activities (Wang et al., 2005) . Because of the uncontrolled discharge of the industrial and mining wastewater into the natural receptors (groundwater and the surface water), the heavy metals concentration increased alarmingly (Yi et al., 2011) . Lead is one of the heavy metals that are often found in wastewaters. It is a harmful element for both soil and water, and for plants and human health as well (Singh et al., 2010; Wang et al., 2009) . Prolonged exposure to lead pollution affects the liver, kidneys and can cause infertility and mental retardation (Gunay, 2007; Ismael, 2012) .
Numerous methods such as precipitation, water filtration processes using membranes, ion exchange and adsorbtion have been used to remove the lead (Gunay, 2007; Seliman, 2011) . Some of theese methods proved to have disadvantages, such as high operation costs, incomplete removal of metals or the addition of chemical to the water to be treated (Seliman, 2011; Ishmael, 2012) . Moreover, various materials have been used such as resins, carbon based materials, volcanic zeolitic tuffs or fly ash. Among all these, volcanic tuffs containing a particular mineral called zeolite, which functions as a "molecular sieve", has proven to be an effective material that offers very good results in wastewaters containing heavy metals, because of its unique property of exchanging ions with the liquid medium that interacts with (Ismael, 2012 , Rusu et Rusu, 2009 (Payra, 2003; Shaheen et al., 2012) . When the zeolite interacts with a solution containing heavy metals, the ion exchange process takes place. Therefore the cations contained in the zeolite pass in the solution, and the metal ions from the solution take their place in the zeolite structure. Figure 1 shows the chemical structure of the zeolite. The selectivity series of the heavy metals retained onto zeolites have been studied extensively in the literature for clinoptilolite -which is used in the present study. The most used is Pb > Cd > Cs > Cu > Co > Cr > Zn > Ni > Hg (Baker et al., 2009; Wang, 2010; Shaheen et al., 2012) . Most of the experiments in the literature were made at long interaction time frames, such as 3-4 hours (Gunay, 2007; Seliman, 2011) , 24 hours (Baker, 2009 ) and even 48 hours (Keri et al., 2011) , with a solution-zeolite ratio of 1:25 (Keri et al., 2011), 1:150 (Seliman, 2011) or even 1:400 (Gunay, 2007) . These studies showed that a longer interaction time between the liquid media and the solid one is needed, if a reduced amount of zeolite is used, from economic reasons.
The present paper aims to study the retention of lead ions onto zeolite, in terms of its reaction rate, not in terms of filter material cost. This process was intended to be studied using the zeolite as a filter media in emergency situations scenario (environmental disaster, such a accidental discharge of heavy metals wastewaters in drinkable water supply sources), when the cost issue is not necessarily relevant. The interaction time between the zolite and the artificially poluted solution was a very short one, 1, 2.5 and 10 minute, therefore a larger amount of zeolite compared to the volume of the solution was needed, in order to obtain good results.
Materials and methods

Materials
The experiments were carried out using 60 g of clinoptilolite type of volcanic zeolitic tuff, chemically unmodified, 1.5 -3 mm grain size and 40 ml of artificially polluted lead acetate solution (Pb(CH3COO)2). The volcanic tuff (Na3,.35K1.55Ca0.93Ba0.06Sr0.01)(Al6.9Si29.1O72)(H2O)4) was exploited from Racoș area, Brașov County, Romania, by "Eleolit" LTD from Brașov. The mineralogical and chemical composition of the volcanic tuff is presented in Table 1 . The Pb(CH3COO2) concentration is 6000 µg/l, which is an aproximately 30 times higher value than the maximum allowed level for wastewater discharghing in a natural receptor regulated by the Romanian law (H.G.188/2002). The Pb measured concentration in this solutin is 3770 µg/l. 
Research methods
For the interaction of the zeolite with the liquid solution, a chromatographic column with frit and flow control valve was used, having a 25 mm diameter and 260 mm hight. The interaction time of the two media (liquid and solid) was established by setting the flow control valve of the column at 1, 2.5 and 10 minutes. The water temperature was 20 o C. Three experiments were made for filtering the Pb(CH3COO2) solution, as follows: the cromatographic column was filled with 60 g of zeolite, then the standard solution was cast and eventually the flow control valve was set on 1 minute. There was no static interaction between the two media. The experiment was repeated then for 2.5 and 10 minutes.
The solution concentration, pH and electric conductivity were measured both before and after the filtration onto zeolite.
The preparation of the zeolite was made as follows : a) by sieving in a 0.8 mm pore size sieve for the removal of the fine particles ; b) washing with distilled water, 8 to 10 times ; c) drying in an oven at 105 o C for 6 hours.
Equipment
The measurements of the lead concentrations were made on an inductively coupled plasma mass spectrometer (SCIEX Perkin Elmer Elan DRC II, Toronto, Canada) at the Reasearch Institute for Analytical Instrumentation from Cluj-Napoca.
For the pH and electrical conductivity values a Mettler Toledo Seven Multi pH-meter in the chemical research laboratory in the Department of Physics and Chemistry of the Technical University of Cluj-Napoca, was used.
Zeolite activation was made in a drying oven inthe same institution.
Results and discussions
The results obtained after filtering the solution, and the measured values of the pH and the electrical conductivity are shown in Table 2 . Thus, a significant reduction in the concentration of lead ions can be observed after the three experiments, with higher efficiency after 10 minutes, the longest interaction time set. The measured concentration after this time frame (6.8 µg/l) falls below the potability limit for lead (10 µg/l) as regulated by the Romanian law (Law 458/2002) (Figure 2 ). For the interaction time of 1 minute, the lead concentration value in the solution falls under 200 µg/l limit, which is the maximum allowed level for wastewater discharghing in a natural receptor regulated by the Romanian law (H.G.188/2002) 
Conclusions
The experimental results in this study highlight the effective action of the zeolite on a lead containing solution, even under heavy pollution (approximately 30 times more than the maximum allowed level for wastewater discharghing in a natural receptor), at a reduced interaction time. But, in order to achieve these results, a larger amount of zeolite than the solution (to be treated) volume is needed. However, this should not be an impediment given the low cost of the zeolite. When it is critical to obtain a reduction of lead concentration in water in a short time (in case of environmental accidents on rivers or groundwater, or on any water supply sources), the costs involved are not a priority.
In order to obtain the results presented in this paper, a single passing of the lead polluted solution onto zeolite was needed to reduce its concentration.
Both the minimum interaction time and the maximum interaction time resulted in obtaining values below certain limits regulated by the law: maximum allowed level for wastewater discharghing in a natural receptor for 1 minute interaction time and potability limit for 10 minutes interaction time.
The efficiency of the ion exchange process that takes place between the two media is confirmed by the determination of the three parameters : concentration, pH and electric conductivity, their values being obviously improved.
